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regulated by Fur was evaluated to assess whether expression of the Fe?
*-dicitrate transporter contributed to the increase in the SodB activity.
The fecA1 mRNA expression in KS0048 and KS0145 was significantly
derepressed compared with that in ATCC700392 and KS0189 under
normal cultivation conditions (Fig. 3A). Interestingly, the fecA2 mRNA
expression was not derepressed under normal cultivation conditions
(Fig. 3B). These results suggest that the enhanced SodB activities of
KS0048 and KS0145 were related to the increase in the Fe *-dicitrate
uptake mediated by the fecAT gene. Next, to assess the mechanisms of
fecA1 mRNA derepression in KS0048 and KS0145, we aligned the
nucleic acid sequences of the Fur-binding consensus sequence (Fur-
box: AACTAATAATGGTTATT) of the fecAl promoter [15] and then ex-
amined the binding affinity of the iron-bound wild-type Fur and iron-
bound mutant Fur to the promoters of fecAl and fecA2 by surface plas-
mon resonance assay (BlAcore2000). No distinct mutation in the fecA1
promoter was observed in KS0048 and KS0145 (data not shown). The
Ky value of the binding of iron-bound mutant Fur to the fecA1 and
fecA2 promoters as control was measured in comparison with that of
iron-bound wild-type Fur. The results of the BlAcore assay revealed a
significant increase in the Ky value for binding of iron-bound mutant
Fur to the fecA1 promoter compared with that of iron-bound wild-
type Fur to the fecA1 promoter (Fig. 3C), indicating a significantly re-
duced affinity of iron-bound mutant Fur for the fecA1 promoter; there-
fore, fecA1 expression was derepressed to a greater extent in KS0048
and KS0145 than in ATCC700392 and KS0189. On the other hand, the
Ky value of iron-bound mutant Fur binding to the fecA2 promoter did
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not increase (Fig. 3D), indicating that the amino acid mutations in Fur
did not influence binding affinity to the fecA2 promoter.

H>0; sensitivity and Mtz resistance in the Mtz-resistant strains with
mutant Fur under iron-restricted conditions

Next, we expected that the enhanced SodB activity in KS0048 and
KS0145 might be repressed by iron-restricted conditions, to increase
the H,0, sensitivity and decrease Mtz resistance. First of all, to
characterize the H,O, sensitivity under iron-restricted conditions,
we used an inhibition zone assay to comparatively examine the sen-
sitivity of the ATCC700392, KS0189, KS0048, KS0145, and SodB-
overexpressing mutants (ATCC700392 pHel3::sodB). The H,0, sensi-
tivity of KS0048, KS0145, and ATCC700392 pHel3::sodB was signifi-
cantly decreased compared with that of ATCC700392 under normal
cultivation conditions (Table 1). Under iron-restricted conditions, on
the other hand, whereas the H,0, sensitivity of ATCC700392
pHel3::sodB increased to the same level as that of ATCC700392, that
of KS0048 and KS0145 was significantly lower compared with that
of ATCC700392 (Table 1). Similarly, although the Mtz resistance of
ATCC700392 pHel3::sodB (MIC=32pg/ml) [6] decreased to the
level of Mtz sensitivity (MIC<8 pg/ml) under iron-restricted condi-
tions (MIC=4 pg/ml), no decrease in the Mtz resistance of KS0048
and KS0145 was observed (Table 1). A possible reason for this finding
is that the SodB activity was significantly higher in KS0048 and
KS0145 compared with that in ATCC700392 and KS0189 under iron-
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Fig. 3. Derepression of fecA1 mRNA transcription by decreased affinity of mutant Fur for the fecA promoter. (A) Under normal cultivation conditions, transcription of fecA7 mRNA in
ATCC700392 and KS0189, KS0048, and KS0145 was measured by quantitative RT-PCR. Results are means = SD of three independent assays. **P<0.01, statistically significant differ-
ence compared with the fecA7 mRNA expression in ATCC700392 and KS0189. (B) Under normal cultivation conditions, transcription of fecA2 mRNA in ATCC700392 and KS0189,
KS0048, and KS0145 was measured by quantitative RT-PCR. Results are means + SD of three independent assays. NS, not significant. (C) The Kq value for binding of each Fur protein
to the fecA1 promoter was calculated as a reference in the non-fecA1 promoter-immobilized flow cells using BlAevaluation software. The white bar indicates the affinity of wild-type
Fur for the fecA1 promoter, and the black bar indicates the affinity of mutant Fur for the fecAl promoter. Results are means + SD of three independent assays. *P<0.05, statistically
significant difference compared with ATCC700392-Fur and KS0189-Fur. (D) The K value for binding of each Fur protein to the fecA2 promoter was calculated as a reference in the
non-fecA2 promoter-immobilized flow cells using BlAevaluation software. The white bar indicates the affinity of wild-type Fur for the fecA2 promoter, and the black bar indicates
the affinity of mutant Fur for the fecA2 promoter. Results are means + SD of three independent assays. NS, not significant.
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Table 1
H,0, and Mtz resistance of Mtz-resistant strains carrying mutant Fur under iron-
restricted conditions.

Strain Substitutions Iron-replete (normal  Iron-restricted condition
in Fur [6] cultivation) (20 pM deferoxamine
condition mesylate)
Mean P Mean P MIC
inhibition  value inhibition value (pg/ml)
zone (mm) zone (mm)
ATCC700392  Wild type 284029 45+0.89 <05
KS0189 N118H 344052 018 46+040 091 <05
KS0048 P114S, 194010 0006 22+025 0013* 16
N118H
KS0145 C78Y,N118H 1.6+047 0020 214012 0042* 32
ATCC700392, Wild type 1.6+045 0019 434058 078 4
pHel3::sodB
ATCC700392, Wild type 304045 0.69 454030 1.0 2
pHel3
control

Results are means =+ SD of three independent assays.MIC, minimum inhibitory concentration

(pg/mL).
*P<0.05 compared with ATCC700392.

restricted conditions (Fig. 4A). From this result, we expected that
KS0048 and KS0145 might show enhanced iron (Fe?* and Fe3*)-
storage ability under normal cultivation conditions and then may
make efficient reuse of the ferrous ion under iron-restricted condi-
tions. Therefore, to examine the Fe?*-storage ability of KS0048 and
KS0145, we evaluated the mRNA expression of ferritin pfr, which is
the major Fe? *-storage protein regulated by Fur in H. pylori under
normal cultivation conditions [23-25]. The expression levels of pfr
mRNA in KS0048 and KS0145 were significantly increased compared
with those in ATCC700392 and KS0189 under normal cultivation con-
ditions (Fig. 4B). Actually, the levels of intracellular iron (Fe** and
Fe3*) in KS0048 and KS0145 were significantly higher than those in
ATCC700392 and KS0189 under normal cultivation conditions
(Fig. 4C). Additionally, under iron-restricted conditions, the pfr
mRNA expression in the KS0048 and KS0145 strains was significantly
derepressed compared with that in ATCC700392 and KS0189
(Fig. 4D), and the levels of intracellular iron in the KS0048 and
KS0145 strains were also increased (Fig. 4E). These results suggested
that KS0048 and KS0145 have an enhanced capability for ferrous ion
storage by derepression of pfr under both normal cultivation and
iron-restricted conditions.

Contribution of FecAl to SodB activity, H»0, sensitivity, and Mtz
resistance

To characterize the contribution of FecAl to the SodB activity,
H,0, sensitivity, and Mtz resistance of H. pylori, we constructed a
fecAl-deletion mutant strain of each H. pylori strain (ATCC700392
fecAl-deletion mutant, KS0048 fecA1-deletion mutant, and KS0145
fecA1-deletion mutant). Deletion of the fecAl gene hardly influenced
the bacterial growth in this study (data not shown). One reason for
this may be that there was no decrease in the uptake of Fe ions
(both 35Fe?* and 5°Fe3*) into the bacterial cells of the fecAl-
deletion mutant strains [26]. The SodB activity of all fecA1-deletion
mutant strains was significantly decreased (Fig. 5A). The SodB activity
of ATCC700392 was the most significantly decreased with fecA1 dele-
tion, suggesting that Fe? * is supplied to SodB through FecA1 in H. pylori,
regardless of the presence/absence of amino acid mutations in Fur.
Similarly, the H,0, resistance of each fecA1-deletion mutant was sig-
nificantly decreased by 30-60% (Fig. 5B). In addition, the MICs of Mtz
for KS0048 and KS0145 decreased dramatically from 32 to 4 and
from 128 to 32 pg/ml, respectively. Especially, the Mtz resistance of
KS0048 was completely reversed by fecA1 deletion (MIC<8 pg/ml).
To assess whether derepression of fecA7T mRNA expression was

dependent on mutant Fur, we measured the MIC of Mtz in a fecAl-
deletion mutant of ATCC43504. Development of Mtz resistance in
ATCC43504 was caused by the deletion of the rdxA gene [18]. Align-
ment of the predicted amino acid sequences of ATCC43504-Fur
showed that ATCC43504-Fur was the wild type. This sequence
showed a 100% homology with KSO0189-Fur (data not shown). The
MIC of Mtz for ATCC43504 decreased slightly (from 128 to 64 pg/ml)
after fecAl deletion. This finding demonstrated that development of
Mtz resistance by FecAl depended on the mutant Fur.

Colonization of Mongolian gerbils by the fecAl-deletion mutant

To assess the role of FecAl in the host-colonization ability of
H. pylori, we measured the colonization of the gastric mucosa by
wild-type and fecAl-deletion mutant strains at 12 weeks after inocu-
lation into Mongolian gerbils. The fecAl-deletion mutant of
ATCC700392 tended to show reduced host colonization compared
with the wild-type ATCC700392 (P=0.050; Fig. 6). The fecAl-
deletion mutants KS0048 and KS0145 showed a significantly reduced
capability for host colonization compared with the wild type of each
strain (P=0.014 and P=0.016, respectively; Fig. 6). Our finding did
not indicate whether the host-colonization abilities of KS0048 and
KS0145 were significantly increased compared with that of the
ATCC700392 (Fig. 6). This result suggested that derepression of
fecA1 by mutant Fur alone did not lead to enhanced host colonization.

Discussion

H. pylori encodes only one single iron (Fe?*)-cofactored SOD
(SodB). Therefore, ferrous ion is indispensable for activation of SOD in
H. pylori [8]. Our findings indicate that the enhanced Fe? *-supply sys-
tem associated with SodB activation in the KS0048 and KS0145 strains
can be explained as follows: under iron-replete conditions, Fe? *-dicitrate
transport was enhanced by derepression of fecAT mRNA expression by
iron-bound mutant Fur. Intracellular ferric ion (Fe**) was reduced to
Fe2+ by Fe?*-reductase (ribBA) [27], providing Fe?* to SodB (Fig. 7).
Under iron-restricted conditions, Fe?* storage in KS0048 and KS0145
was enhanced through derepression of pfr mRNA expression by apo-
mutant Fur, supplying Fe?* to SodB (Fig. 7). In addition, our results
demonstrated, for the first time, that FecA1 may play an indispensable
role in the bacterial survival in the stomach and in the development of
Mtz resistance of H. pylori through Fe?* supply to SodB.

Because H. pylori is a highly genetically diverse organism, different
strains may show great variations in phenotype. However, in this
study, all fecAl-deletion mutant strains of H. pylori (ATCC700392,
KS0048, and KS0145) showed reduced SodB activity and reduced gas-
tric mucosal colonization ability. Therefore, it is thought that Fe3*-
dicitrate transport by FecAl is associated with the activation of
SodB, regardless of the genetic diversity of the strains.

The fecAl and fecA2 genes, encoded in H. pylori as a Fe* *-dicitrate
transporter, are both regulated by Fur [10,11]. In this study,
interestingly, in KS0048 and KS0145, only fecAl expression was
derepressed by mutant Fur under normal cultivation conditions
(Fig. 3A), whereas the expression of fecA2 was repressed (Fig. 3B). The
underlying reason was the high affinity of iron-bound wild-type Fur
for the fecA2 promoter compared with that for the fecAl promoter;
the Ky value of iron-bound wild-type Fur binding to the fecA2 promoter
(Kg=3.4nM) was low compared with that to the fecAl promoter
(Kq=273 nM) (Figs. 3C and D). This result suggested that the expres-
sion of fecA1, but not of fecA2, was more influenced by amino acid mu-
tations in Fur, and then only the expression of fecA1 was derepressed by
mutant Fur. Recently, Ernst et al. [5] reported that the Ky value for the
sodB promoter of apo-wild-type Fur was also low (K4 =270 nM, from
the data of [5]), similar to the K4 value for the fecA1 promoter of iron-
bound wild-type Fur. Because H. pylori is continuously exposed to
superoxides generated by its own respiration and metabolism and the
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Fig. 4. SodB activity of the Mtz-resistant strains with mutant Fur under iron-restricted conditions was supported by the increase in the iron-storage ability. (A) Under iron-restricted
conditions, the SodB activity in ATCC700392, KS0189, KS0048, and KS0145 was measured by the method described under Materials and methods. Results are means +SD of three
independent assays. **P<0.01, statistically significant difference compared with the SodB activity in ATCC700392 and KS0189. (B) Under normal cultivation conditions, expression
of pfr mRNA in ATCC700392, KS0189, KS0048, and KS0145 was measured by quantitative RT-PCR. Results are means + SD of three independent assays. **P<0.01, statistically
significant difference compared with pfr mRNA expression in ATCC700392 and KS0189. (C) Under normal cultivation conditions, intracellular iron (Fe>* and Fe**) concentration
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significant difference compared with the intracellular iron concentration in ATCC700392 and KS0189.

host immune response, sustained expression of SodB activity is re-
quired for the dismutation of such superoxides {28,29]. Hence, it is
thought that a low affinity of apo-Fur and iron-bound Fur for the sodB
and fecA1 promoters, respectively, is required for efficient and persis-
tent activation of SodB.

In H. pylori, Fur regulates the gene expression of both iron-bound
and apo-Fur [11]. sodB mRNA expression is repressed by apo-Fur; on
the other hand, fecAT mRNA expression is repressed by iron-bound
Fur [5,14,15]. In fact, despite the difference in the binding patterns
of Fur to the sodB promoter and fecAl promoter, the mRNA expres-
sion of both sodB and fecAl was co-derepressed by mutant Fur
(Fig. 3) [6], suggesting that the amino acid mutations (C78Y and
P114S) in Fur alter its binding to promoter DNA, but not to Fe2+,

H. pylori Fur monomer contains two domains, the N-terminal DNA-
binding domain and the C-terminal dimerization domain with
metal-binding sites, and after dimerization, the Fur protein binds to
the target promoter DNA [6,30). We showed, using homology model-
ing, that the mutation C78Y was localized in the DNA-binding do-
main, whereas P114S was localized in the oligomerization domain
[6]. Changes in the target-DNA binding of Fur by amino acid mutation
have been categorized into the following two groups: (i) effects on
the binding ability of Fe?* and (ii) effects on dimerization [30].
Dian et al. identified the S2 functional domain, which was essential
for dimerization in H. pylori Fur [31]. According to that report, re-
placement of Cys 78 with tyrosine is predicted to interfere with the
formation of the S2 site [31].
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Our in vivo studies demonstrated that the colonization ability of
H. pylori in Mongolian gerbils was greatly impaired by fecA? deletion,
regardless of the presence of Fur mutation. From this result, it is
thought that the SodB activation in H. pylori is supported by Fe?*
supply through FecA1 to combat the oxidative stress evoked by the
host immune response. Because recently there has been a gradual in-
crease in reports of multiple-drug-resistant H. pylori, the develop-
ment of a novel bactericidal therapy, different from antibiotics, is
required. FecAl is one possible target for the development of a
novel bactericidal therapy as well as possibly a preventive therapy
against H. pylori infection.

In conclusion, Fe®*-dicitrate transport by FecAl is an essential
process in the activation of SodB, which determines the gastric
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Fig. 6. Deletion of fecAl reduces the ability of H. pylori to colonize the stomach of
Mongolian gerbils. Total colonization of the stomach was determined by sacrificing
the animals at 12 weeks, and the results were expressed as the number of CFU/g of
stomach tissue. Mongolian gerbils were infected with either a wild-type H. pylori strain
(filled circle) or a fecA1-deletion mutant H. pylori strain (open circle). Each circle indi-
cates the results for a single animal. The geometric means are indicated by bars.
*P<0.05, statistically significant difference compared with the wild type.

mucosal colonization ability of H. pylori in Mongolian gerbils and
also the development of Mtz resistance.

Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.freeradbiomed.2011.12.011.
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Irritable bowel syndrome (IBS) is a gastrointestinal disorder characterized by chronic abdominal pain
associated with altered bowel habits. Since the prevalence of IBS is very high and thus, involves elevated
health-care costs, treatment of this condition by methods other than prescribed medicines could be
beneficial. p-(1,3)-p-glucan with p-(1,6) branches (B-glucan) has been used as a nutritional supplement
for many years. In this study, we examined the effect of p-glucan on fecal pellet output and visceral pain
response in animal models of IBS. Oral administration of B-glucan suppressed the restraint stress- or
drug-induced fecal pellet output. B-Glucan also suppressed the visceral pain response to colorectal dis-
tension. These results suggest that B-glucan could be beneficial for the treatment and prevention of IBS.

© 2012 Published by Elsevier Inc.

1. Introduction

IBS is a functional gastrointestinal disorder characterized by
chronic and recurrent abdominal pain and discomfort (colonic
hypersensitivity) that are associated with altered bowel habits
but not with any detectable structural or biochemical abnormality
[1,2]. IBS is categorized into subtypes according to the predomi-
nant bowel habit: diarrhea-predominant IBS, constipation
-predominant IBS, and mixed pattern IBS [1]. In spite of the signif-
icant impact that IBS has on patient quality-of-life, currently avail-
able clinical treatments for IBS have proved unsatisfactory, mainly
due to the difficulty in suppressing the visceral pain associated
with IBS.

IBS is one of the most common gastrointestinal disorders,
estimated to affect 7-15% of the general population in the USA
and 6-12% in Asian countries [2,3]. Considering the health-care
costs associated with treating the condition, the identification of

Abbreviations: AUC, area under the curve; B-glucan, B-(1,3)-p-glucan with B-
(1,6) branches; CRD, colorectal distention; 5-HT, 5-hydroxytryptamine hydrochlor
ide; IBS, irritable bowel syndrome; LMW, low-molecular-weight; PBS, phosphate-
buffered saline; S.E.M, standard error of the mean.
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effective therapies (such as the taking of supplements) that do
not involve prescription drugs is beneficial [4,5].

Although the pathogenesis of IBS is not completely understood,
studies have suggested that genetic factors, previous inflammation,
mental stressors and microbiota play important roles [6]. A num-
ber of animal models for IBS has been established and used to eval-
uate clinical protocols designed to treat the condition. Mental
stressor- or drug-induced alterations in defecation have been used
as a model for defecation disorders related to IBS in animals [7-9].
Since hypersensitivity to colorectal distension (CRD) was observed
in IBS patients [10], monitoring the electrical activity of the
abdominal muscles (visceromotor response) in response to CRD
is a standard procedure to detect IBS-related abdominal pain (vis-
ceral pain) in animals [11,12]. Furthermore, based on the increased
colonic level of butyrate in IBS patients [13,14], butyrate enema-
induced hypersensitivity to CRD is also considered as a useful ani-
mal mode] for IBS [15,16].

B-Glucans are naturally-occurring polysaccharides found in the
cell walls of yeast, fungi, cereal plants and certain bacteria [17,18].
As suggested by the fact that various foods contain g-glucans, they
are known to have few toxic and adverse effects [18]. p-Glucans
from mushrooms have been used in Japan as anti-tumor drugs
due to their immunostimulating activities [17]. In addition, B-
(1,3)-p-glucans with p-(1,6) branches have been reported to have
various clinically beneficial effects, such as enhancing the
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bio-defense activity against bacterial, viral, fungal and parasitic
challenge, increasing hematopoiesis and radioprotection, stimulat-
ing the wound healing response, and decreasing serum lipid levels
[17-20]. Interestingly, it was recently reported that -glucans sup-
press inflammatory responses in some animal models [21-26],
suggesting that p-glucan could be an interesting immunomodula-
tor, causing opposing effects on different aspects of the immune
system.

We succeeded in the purification and industrial-scale produc-
tion of low-molecular-weight p-(1,3-1,6)-p-glucan from Aureoba-
sidium pullulans (A. pullulans) GM-NH-1A1 strain (LMW B-glucan)
[27,28]. The characteristic features of LMW B-glucan are its low
molecular weight (about 100 kDa), low viscosity, high water-
solubility and high level of B~(1-6) branching (50-80%) [27.,28].
We previously reported that LMW B-glucan has various clinically
beneficial effects, such as suppression of the allergic response, sup-
pression of restraint stress-induced immunosuppression and anti-
tumor and anti-metastatic actions [27-29]. Moreover, we recently
reported that LMW B-glucan protects the gastric mucosa against
the formation of irritant-induced lesions by increasing levels of
defensive factors such as heat shock protein 70 and gastric mucin
[30]. In the present study, we use different animal models for IBS to
test the hypothesis that LMW B-glucan could be effective in the
treatment of this condition. Our results suggest that the oral
administration of LMW B-glucan suppresses not only fecal pellet
output but also the visceromotor response to CRD (visceral pain re-
sponse). These findings suggest that LMW B-glucan could be ther-
apeutically effective for the treatment of IBS.

2. Materials and methods
2.1. Chemicals and animals

LMW B-glucan was prepared from the conditioned culture med-
ium of A. pullulans GM-NH-1A1, as described previously [27,28].
Analysis of 'H and ">C NMR spectra and gel-filtration chromatogra-
phy revealed that the LMW B-glucan contains approximately 70%
B-(1-6) branches and an average molecular weight of 100 kDa, as
described previously [27,28]. Clonidine hydrochloride and castor
oil were from WAKO Pure Chemicals (Osaka, Japan). Sodium buty-
rate, brewer’s yeast and carbamyl- B-methylcholine chloride (beth-
anecol) were obtained from Sigma (St. Louis, MO). Loperamide
hydrochloride and 5-hydroxytryptamine hydrochloride (5-HT)
were purchased from Nacalai Tesque (Kyoto, Japan). Wild-type
mice (C57/BL6, 6-8 weeks of age) and Wistar rats (4-6 weeks of
age) were obtained from Charles River (Yokohama, Japan).
Wistar-Imamichi rats (4 weeks of age) were purchased from the
Institute for Animal Reproduction (Kasumigaura, Japan). The
experiments and procedures described here were carried out in
accordance with the Guide for the Care and Use of Laboratory Ani-
mals as adopted and promulgated by the National Institutes of
Health, and were approved by the Animal Care Committees of Keio
University and Kumamoto University.

2.2. Analysis of fecal pellet output in mice

Female mice were subjected to restraint stress by being placed
individually into a 50 ml Falcon tube (Becton Dickinson, Franklin
Lakes, NJ) for 1h, as described previously [31]. These tubes are
small enough to restrain a mouse so that it is able to breathe but
unable to move freely. Control mice were left to move freely in
the cage. The number of fecal pellets excreted during the 1-h
restraint stress period was measured. B-Glucan was dissolved in
phosphate-buffered saline (PBS) and administered orally 2 h before
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animals were subjected to the restraint stress. Control animals
were administered PBS.

In a separate experiment, mice were administered one of differ-
ent drugs that stimulate intestinal motility (bethanecol and 5-HT),
cause diarrhea (castor oil) or cause constipation (loperamide and
clonidine). Animals were then placed in a cage and the number or
wet weight of fecal pellets excreted in the subsequent 1-, 2- or
24-h period determined. Drugs administered subcutaneously were
bethanechol (3 mg/kg) and 5-HT (3 mg/kg), while those adminis-
tered orally were loperamide (10 mg/kg), clonidine (3.5 mg/kg)
and castor oil (300 pl/mouse).

B-Glucan was dissolved in PBS and administered orally 2 h
before animals were subjected to the restraint stress or drug-
treatment. Control animals were administered PBS.

2.3. Electromyography and CRD

Rats were deeply anaesthetized with pentobarbital sodium
(40 mg/kg) and then electromyography electrodes (Star Medical,
Tokyo, Japan) sutured into the external oblique muscle of the abdo-
men for electromyogram recording. Electrode leads were tunneled
subcutaneously and exteriorized at the nape of the neck for future
access. After surgery, rats were housed individually and allowed to
recuperate for 6 days before being used for visceromotor response
testing.

Repeated CRD was performed as described previously [32]. Rats
were restrained in a plastic conical-shape tube (diameter, 6 cm;
height, 15 cm), 15 min before electromyography. To reduce con-
founding effects due to restraint stress, rats were habituated to
the tube 30 min per day for 3 days prior to the experiment. A poly-
ethylene bag (length 2 cm) was inserted in the distal colon, posi-
tioned 1cm proximal to rectum, and connected to a balloon
catheter which was anchored with tape to the base of the tail.
The pressure and volume of the balloon were controlled and mon-
itored by a pressure controller-timing device (Distender Series II; G
& ] Electronics, Toronto, Canada), connected to the balloon. Rats
were subjected to repeated CRD (80 mm Hg, 30 s, 5-min interstim-
ulus interval, 12 times) on day 7. B-Glucan was given orally once
daily for 7 days (from day 0 to day 6).

In separate experiments, CRD associated with the use of buty-
rate enemas was examined as described previously [15]. Rats were
instilled with 1 ml sodium butyrate (110 mg/ml, pH 6.9) or saline
into the colon twice daily for 3 days (day 1, 2 and 3). Rats were sub-
jected to CRD (10, 20, 40 60 and 80 mm Hg, 20 s, 150-s interstim-
ulus interval) on day 7. B-Glucan was given orally once daily for
7 days (from day O to day 6).

Visceromotor responses were monitored by electromyography,
as described previously [11,33], 12 h after the last administration
of B-glucan. Electromyograph data were collected and analyzed
using 8 STAR software (version 6.0-19.2 for Windows: Star Medi-
cal, Tokyo, Japan). Responses evoked by contraction of the external
oblique musculature were quantified by calculating the area under
the curve (AUC) of the voltage alteration graph. The baseline was
determined by data collected 20s (butyrate enema) or 30s
(repeated CRD) before each distention.

2.4. Inflamed paw pressure nociception test

The pain threshold in Wistar-Imamichi rats was measured
using a Randall-Sellito test with an analgometer (Ugo basile,
Comerio, Italy), as described previously [34]. Brewer’s yeast (20%,
1 ml) was injected into one of the hind paws. Seven hours later,
an increasing pressure was applied to the underside of the hind
limb and the pain threshold was defined as the pressure in grams
eliciting a cry from the animal.
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Fig. 1. Effects of LMW B-glucan on restraint stress- or drug-induced alteration of fecal pellet output in mice. Mice were orally administered indicated doses (A) or 600 mg/kg
(B-F) of LMW B-glucan or vehicle (PBS). Two hours later, mice were exposed to restraint stress (A) or administered bethanecol (3 mg/kg, s.c.) (B), 5-HT (3 mg/kg, s.c.)
(C), castor oil (300 plfmouse, p.o.) (D), loperamide (10 mg/kg, p.o.) or clonidine (3.5 mg/kg, p.o.). The number (A-D) or wet weight (E and F) of fecal pellets excreted in the
subsequent 0-1 h (A-C), 0-2 h (D) or 0-24 h (E and F) period was determined. Values are mean = SE.M P <0.05; **P<0.01; n.s., not significant.
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Fig. 2. Effect of LMW B-glucan on the viscermotor response to CRD in rats. The
indicated doses (mg/kg) of B-glucan or PBS were orally administered to female
Wistar rats once daily for 7 days. Twelve hours after the last administration of LMW
B-glucan, rats were subjected to repetitive CRD and the visceromotor response was

recorded and analysed as described in Section 2. Values are mean + S.E.M *P < 0.05;
**P<0.01.
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Fig. 3. Effect of LMW B-glucan on butyrate enema-induced colonic hypersensitivity
to CRD in rats. Butyrate enemas were administered twice daily on days 1, 2 and 3.
Administration of LMW B-glucan (600 mg/kg) (once daily from day 0 to day 6) and
monitoring and analysis of the visceromotor response to CRD (on day 7) were
performed as described in the legend of Fig. 2. Values are mean + S.E.M *P < 0.05.

2.5. Statistical analysis

All values are expressed as the mean + S.E.M. Two-way ANOVA
followed by the Tukey test or a Student’s t test for unpaired results
was used to evaluate differences between more than two groups or
between two groups, respectively. Differences were considered to
be significant for values of P< 0.05.

3. Results and discussion
3.1. Effect of LMW pB-glucan on fecal pellet output in mice

We first examined the effect of a once-only oral administration
of LMW B-glucan on restraint stress-induced fecal pellet output in
mice. In untreated mice (administered PBS vehicle only), restraint
stress (restricted movement by placement of mouse in a 50 ml plas-
tic tube) caused a more than 5-fold increase in fecal pellet output
per hour compared to unrestrained mice (Fig. 1A), as described pre-
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Fig. 4. Effect of LMW B-glucan on the pain response of rats in the inflamed paw
pressure test. LMW B-glucan (600 mg/kg) was administered orally as described in
the legend of Fig. 2. Twelve hours after the last administration of B-glucan, the
inflamed paw pressure test was performed as described in Section 2. The pain
threshold before (baseline) and after (yeast) the yeast injection was determined.
Values are mean + S.E.M n.s., not significant.

viously [35]. The once-only oral pre-administration of LMW
B-glucan suppressed this increase in a dose-dependent manner
without affecting the basal level (without restraint stress) of fecal
pellet output (Fig. 1A). Similar results were observed in response
to a once-daily oral administration of LMW B-glucan for 7 days
(data not shown). The LMW B-glucan-dependent suppression of re-
straint stress-induced fecal pellet output was also confirmed in rats
(data not shown).

We also examined the effect of LMW B-glucan on the fecal
pellet output induced by drugs that increase intestinal motility
(bethanecol and 5-HT) or cause diarrhea (castor oil) [8,36]. As
shown in Fig. 1B-D, the oral administration of LMW B-glucan
(600 mg/kg) to mice suppressed the fecal pellet output induced
by each of these drugs.

We then examined the effect of LMW B-glucan on drug-induced
constipation. As shown in Fig. 1E and F, administration of
loperamide or clonidine to mice decreased fecal pellet output, as
described previously [36]. The oral pre-administration of LMW
B-glucan did not alter the fecal pellet output. The results in Fig. 1
thus suggest that orally administered LMW B-glucan suppresses
the restraint stress- or drug-induced stimulation of intestinal motil-
ity but does not affect the motility in the absence of these stimuli or
in presence of constipation-inducing drugs. The mechanism under-
lying the LMW B-glucan-dependent suppression of intestinal
motility is not clear at present.

3.2. Effect of LMW p-glucan on the visceromotor response to CRD in
rats

In addition to alterations of fecal pellet output, hypersensitivity
to visceral pain is one of the principle pathogenetic pathways for
IBS. To study this phenomenon, we examined the effect of LMW
B-glucan on visceromotor response to CRD, which has been used
as an index of visceral pain response [33]. Rats were used for this
analysis since the techniques for measuring the visceromotor re-
sponse and CRD were established with these animals. As a single
oral administration of LMW B-glucan did not significantly affect
the visceromotor response to CRD (data not shown), we decided
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to determine the effect of LMW B-glucan administered orally once-
daily for 7 days. In control rats (PBS-treated), CRD evoked a viscer-
omotor response which increased in amplitude in response to
repeated CRDs (Fig. 2), as described previously [32]. Oral
pre-administration of LMW B-glucan (600 mg/kg) to animals signif-
icantly decreased the visceromotor response to CRD not only after
repetitive CRDs but also upon the first CRD (Fig. 2). Pre-administra-
tion of LMW B-glucan (100 mg/kg) also showed a tendency to de-
crease the visceromotor response to CRD, however the effect was
not statistically significant (Fig. 2). These results indicate that oral
pre-administration of high dose of LMW B-glucan suppresses the
visceral pain response to CRD.

Since the visceromotor response to the first CRD was reduced by
the pre-administration of LMW B-glucan, the results in Fig. 2 can be
interpreted to indicate that LMW B-glucan suppresses the visceral
pain response to CRD itself, but does not affect the repeated CRD-in-
duced hypersensitivity to visceral pain. However, although we tried
to habituate rats to the tube used for CRD experiment (see Section
2), it is possible that the animals entered into a state of restraint-
like stress. Thus, it is also possible that LMW B-glucan suppresses
the restraint stress-induced hypersensitivity to visceral pain.

We then examined the effect of LMW B-glucan on the visceral
pain response in another animal model, butyrate-induced hyper-
sensitivity to CRD. The butyrate enema is known to reduce the
threshold of the visceromotor response to CRD [15,16]. We con-
firmed that twice-daily butyrate enemas (on days 1, 2 and 3) stim-
ulated the visceromotor response to CRD on day 7 and found that
when LMW B-glucan was orally pre-administered once daily from
day O to day 6, the visceromotor response to CRD was similar to
that measured in control rats (not given butyrate enemas)
(Fig. 3). This result suggests that LMW B-glucan suppresses buty-
rate-induced hypersensitivity to CRD.

Finally, we tested whether the inhibitory effect of LMW B-glucan
on the pain response is specific for visceral pain. For this purpose,
we used the inflamed paw pressure test in which a yeast solution
was administered to one of hind paws of rats to induce inflamma-
tion and the pressure-induced pain response was subsequently
determined. As shown in Fig. 4, oral administration of LMW
B-glucan once daily for 7 days did not affect the paw pressure
required to elicit a nociception response (pain threshold) in both
presence and absence of yeast injection. This finding suggests that
LMW B-glucan does not affect the pain response in general but
specifically affects the visceral pain response.

In conclusion, we have shown here that the oral administration
of LMW B-glucan suppresses not only restraint stress- or drug-
induced fecal pellet output, but also suppresses the visceral pain
response. The difficulty associated with therapeutic management
of IBS can be attributed to the fact that both abdominal pain and
bowel habit disorders must be addressed. The results presented
in this study thus suggest that LMW B-glucan could prove thera-
peutically beneficial for the prevention and treatment of IBS, espe-
cially in relation to the diarrhea-predominant IBS.

Acknowledgments

This work was supported by Grants-in-Aid of Scientific
Research from the Ministry of Health, Labour, and Welfare of Japan,
Grants-in-Aid for Scientific Research from the Ministry of Educa-
tion, Culture, Sports, Science and Technology of Japan, and
Grants-in-Aid of the Japan Science and Technology Agency.

References

[1] G.F. Longstreth, W.G. Thompson, W.D. Chey, L.A. Houghton, F. Mearin, R.C.
Spiller, Functional bowel disorders, Gastroenterology 130 (2006) 1480-1491.

284

T. Asano et al./Biochemical and Biophysical Research Communications 420 (2012) 444-449

[2] D.A. Drossman, M. Camilleri, E.A. Mayer, W.E. Whitehead, AGA technical
review on irritable bowel syndrome, Gastroenterology 123 (2002) 2108-2131.

[3] M. Shinozaki, S. Fukudo, M. Hongo, T. Shimosegawa, D. Sasaki, K. Matsueda, S.
Harasawa, S. Miura, T. Mine, H. Kaneko, T. Arakawa, K. Haruma, A. Torii, T.
Azuma, H. Miwa, M. Fukunaga, M. Handa, S. Kitamori, T. Miwa, High
prevalence of irritable bowel syndrome in medical outpatients in Japan, J.
Clin. Gastroenterol. 42 (2008) 1010-1016.

[4] CW. Hammerle, C.M. Surawicz, Updates on treatment of irritable bowel
syndrome, World J. Gastroenterol. 14 (2008) 2639-2649.

[5] D. Hulisz, The burden of illness of irritable bowel syndrome: current challenges
and hope for the future, ] Manag. Care Pharm. 10 (2004) 299-309.

[6] E.A. Mayer, S.M. Collins, Evolving pathophysiologic models of functional
gastrointestinal disorders, Gastroenterology 122 (2002) 2032-2048.

[7] S. Okano, H. Nagaya, Y. lkeura, H. Natsugari, N. Inatomi, Effects of TAK-637, a
novel neurokinin-1 receptor antagonist, on colonic function in vivo, J.
Pharmacol. Exp. Ther. 298 (2001) 559-564. .

[8] S. Kobayashi, K. Ikeda, M. Suzuki, T. Yamada, K. Miyata, Effects of YM905, a
novel muscarinic M3-receptor antagonist, on experimental models of bowel
dysfunction in vivo, Jpn. J. Pharmacol. 86 (2001) 281-288.

[9] R. Moriya, T. Shirakura, H. Hirose, T. Kanno, J. Suzuki, A. Kanatani, NPY Y2
receptor agonist PYY(3-36) inhibits diarrhea by reducing intestinal fluid
secretion and slowing colonic transit in mice, Peptides 31 (2010) 671-675.

[10] J. Munakata, B. Naliboff, F. Harraf, A. Kodner, T. Lembo, L. Chang, D.H.
Silverman, E.A. Mayer, Repetitive sigmoid stimulation induces rectal
hyperalgesia in patients with irritable bowel syndrome, Gastroenterology
112 (1997) 55-63.

[11] J.A. Christianson, G.F. Gebhart, Assessment of colon sensitivity by luminal
distension in mice, Nat. Protoc. 2 (2007) 2624-2631.

[12] M. Larsson, S. Arvidsson, C. Ekman, A. Bayati, A model for chronic quantitative
studies of colorectal sensitivity using balloon distension in conscious mice -
effects of opioid receptor agonists, Neurogastroenterol. Motil. 15 (2003) 371-
381.

[13] W.R. Treem, N. Ahsan, G. Kastoff, |.S. Hyams, Fecal short-chain fatty acids in

patients with diarrhea-predominant irritable bowel syndrome: in vitro studies

of carbohydrate fermentation, J. Pediatr. Gastroenterol. Nutr. 23 (1996) 280-

286.

C. Tana, Y. Umesaki, A. Imaoka, T. Handa, M. Kanazawa, S. Fukudo, Altered

profiles of intestinal microbiota and organic acids may be the origin of

symptoms in irritable bowel syndrome, Neurogastroenterol. Motil. 22 (2010)

512-519, e114-515.

S. Bourdu, M. Dapoigny, E. Chapuy, F. Artigue, M.P. Vasson, P. Dechelotte, G.

Bommelaer, A. Eschalier, D. Ardid, Rectal instillation of butyrate provides a

novel clinically relevant model of noninflammatory colonic hypersensitivity in

rats, Gastroenterology 128 (2005) 1996-2008.

C. Rousseaux, X. Thuru, A. Gelot, N. Barnich, C. Neut, L. Dubuquoy, C.

Dubuquoy, E. Merour, K. Geboes, M. Chamaillard, A. Ouwehand, G. Leyer, D.

Carcano, J.F. Colombel, D. Ardid, P. Desreumaux, Lactobacillus acidophilus

modulates intestinal pain and induces opioid and cannabinoid receptors, Nat.

Med. 13 (2007) 35-37.

[17] J. Chen, R. Seviour, Medicinal importance of fungal beta-(1-3), (1-6)-glucans,
Mycol. Res. 111 (2007) 635-652.

[18] S.V. Tsoni, G.D. Brown, Beta-Glucans and dectin-1, Ann. NY Acad. Sci. 1143
(2008) 45-60.

[19] M. Berdal, H.l. Appelbom, J.H. Eikrem, A. Lund, S. Zykova, LT. Busund, R.
Seljelid, T. Jenssen, Aminated beta-1,3-p-glucan improves wound healing in
diabetic db/db mice, Wound Repair Regen. 15 (2007) 825-832.

[20] S. Bell, V.M. Goldman, B.R. Bistrian, A.H. Arnold, G. Ostroff, R.A. Forse, Effect of
beta-glucan from oats and yeast on serum lipids, Crit. Rev. Food Sci. Nutr. 39
(1999) 189-202.

[21] G. Sener, E. Eksioglu-Demiralp, M. Cetiner, F. Ercan, B.C. Yegen, Beta-glucan
ameliorates methotrexate-induced oxidative organ injury via its antioxidant
and immunomodulatory effects, Eur. J. Pharmacol. 542 (2006) 170-178.

[22] A. Bedirli, M. Kerem, H. Pasaoglu, N. Akyurek, T. Tezcaner, S. Elbeg, L. Memis, O.
Sakrak, Beta-glucan attenuates inflammatory cytokine release and prevents
acute lung injury in an experimental model of sepsis, Shock 27 (2007) 397-401.

[23] O.I. Lyuksutova, E.D. Murphey, T.E. Toliver-Kinsky, C.Y. Lin, W. Cuj, D.L
Williams, E.R. Sherwood, Glucan phosphate treatment attenuates burn-
induced inflammation and improves resistance to Pseudomonas aeruginosa
burn wound infection, Shock 23 (2005) 224-232.

[24] J. Soltys, M.T. Quinn, Modulation of endotoxin- and enterotoxin-induced
cytokine release by in vivo treatment with beta-(1,6)-branched beta-(1,3)-
glucan, Infect. Immun. 67 (1999) 244-252.

[25] H.Z. Toklu, A.O. Sehirli, A. Velioglu-Ogunc, S. Cetinel, G. Sener, Acetaminophen-
induced toxicity is prevented by beta-p-glucan treatment in mice, Eur. ].
Pharmacol. 543 (2006) 133-140.

[26] V.B. Shah, D.L. Williams, L. Keshvara, Beta-glucan attenuates TLR2- and TLR4-
mediated cytokine production by microglia, Neurosci. Lett. 458 (2009) 111-
115.

[27] Y. Kimura, M. Sumiyoshi, T. Suzuki, M. Sakanaka, Effects of water-soluble low-
molecular-weight beta-1, 3-p-glucan (branch beta-1, 6} isolated from
Aureobasidium pullulans 1A1 strain black yeast on restraint stress in mice, }.
Pharm. Pharmacol. 59 (2007) 1137-1144.

[28] Y. Kimura, M. Sumiyoshi, T. Suzuki, M. Sakanaka, Antitumor and
antimetastatic activity of a novel water-soluble low molecular weight beta-
1, 3-p-glucan (branch beta-1,6) isolated from Aureobasidium pullulans 1A1
strain black yeast, Anticancer Res. 26 (2006) 4131-4141.

[14]

[15]

[16]



T. Asano et al./Biochemical and Biophysical Research Communications 420 (2012) 444-449 449

[29] Y. Kimura, M. Sumiyoshi, T. Suzuki, M. Sakanaka, Inhibitory effects of water-
soluble low-molecular-weight beta-(1,3-1,6) b-glucan purified from
Aureobasidium pullulans GM-NH-1A1 strain on food allergic reactions in
mice, Int Immunopharmacol 7 (2007) 963-972.

[30] K. Tanaka, Y. Tanaka, T. Suzuki, T. Mizushima, Protective effect of beta-(1,3 -
1,6)-p-glucan against irritant-induced gastric lesions, Br. J. Nutr. 106 (2011)
475-485.

[31] T.L. Bale, R. Picetti, A. Contarino, G.F. Koob, W.W. Vale, K.F. Lee, Mice deficient
for both corticotropin-releasing factor receptor 1 (CRFR1) and CRFR2 have an
impaired stress response and display sexually dichotomous anxiety-like
behavior, J. Neurosci. 22 (2002) 193-199.

[32] A. Ravnefjord, M. Brusberg, H. Larsson, E. Lindstrom, V. Martinez, Effects of
pregabalin on visceral pain responses and colonic compliance in rats, Br. J.
Pharmacol. 155 (2008) 407-416.

285

[33] K. Saito-Nakaya, R. Hasegawa, Y. Nagura, H. Ito, S. Fukudo, Corticotropin-
releasing hormone receptor 1 antagonist blocks colonic hypersensitivity
induced by a combination of inflammation and repetitive colorectal
distension, Neurogastroenterol. Motil. 20 (2008) 1147-1156.

[34] LO. Randall, JJ. Selitto, A method for measurement of analgesic activity on
inflamed tissue, Arch. Int. Pharmacodyn. Ther. 111 (1957) 409-419.

[35] E. Mazzon, S. Cuzzocrea, Role of TNF-alpha in ileum tight junction alteration in
mouse model of restraint stress, Am. J. Physiol. Gastrointest. Liver Physiol. 294
(2008) G1268-G1280.

[36] T. Saito, F. Mizutani, Y. Iwanaga, K. Morikawa, H. Kato, Laxative and anti-
diarrheal activity of polycarbophil in mice and rats, Jpn. . Pharmacol. 89
(2002) 133-141.



D

D TR TLVEC TE]

gLl ELbnr

®HHED o | @B EHELTVETRMOBS) OF
i SUEREEOAESNTLES . @B.BELLOFRESNES
@56, BURICENUROREARERIH .
#* EROMCHBMBER B, DEMOAETE B ALHEYET

BLmESHR. SEBCTHEBE

286



-




S EOBRHRISML CVEEGIED SEIDIE  yes o
@] 2088l LTHS,

{g&

oyl ﬁ&i?‘)%»&@é’?@?“&?'ﬁ%i@ é;%ﬁf‘%@?:ﬁ
- B BHFLIhT OBV (DSLEBLABEROE N

@ EREUHTH TCCENhE - TLES (B
s HEBBICELAD &ﬁ%é@&#%é (B
« BEBHIBGBRLSICEUS (LB

@ COarBERICERCLIBIERIRBELS -,

EE-BEVERBE BALOOE (HILFL OF VI, h"}*??‘jx?lic:;%
BRRALAY. R BEAP ZREN B E EROBRRELTRVSLP LN HD.

BRERPEAEDOEGRILEL OS2 NIl ]
FRGERET ALY UNEBR 77U R NA TR ) 25, B ERBLUABIC,
FROBDERIHELEN S5,
sPHLURICEAATH AU LBRERLEY [RELRL] EBHs L,

MR EEL USAMEREBE. AEShALEYSHD.
ErEELSOFHOBBRYI S5,

BooT{hEDROBRRY. &’&“%%@ﬁﬁ_ii??ﬁ&?}%i‘é%&fs%:‘{:@&%c
P ad—-NEEEEEEDERFELZE W EIEF$5,

BB TERELFOBORILELREEBWMENELENES.
BEoWORE HEE. BER . BRESAUlERERE L EFHs.,
SEOEERBRTEETIHEES (REFB) ORILHLT
BHEOERSHAIEF 55, :

FR. BB TSRV TV TEEN . BRMPOIROFELESF 55,
COHALURICENVEBIORESEESHAELLY HS.

EREZAE . BBOBEEL{(TBE. %g}g}ﬁ’&jﬁ&“é?—ﬁ}x%
BEETHPIOBOEZEERBLTVS,

BEMBERECE ﬁ%ﬁéh*{“r&%m’m@g

LFROBET.IXT = TIdESSE
%@@ﬁ%ﬁﬁﬁﬁiﬁﬁﬁbfk3?;?5%?%%%%@5}*&’3%%&‘???‘%
FTOLHTRETITERVALZ,

Webt 1 FCRFIOEFBEZ BEIPOHDIZ.

BEOSHE(FEL,, «IELACRRREraY, B LRGBS LBUET

%ﬁ}ﬁ%ﬁaﬁgm%
- SNV E<SRRSENTY . (MARMENER013F1AFTTY)
- CEETERNCEERAL G BEREREAL CLREEET,
ERU TV Ol 18550 55480 - BEMEO3ETY . (RECIRRONEOEY)

| wﬁﬁm BT APLE z;&zz BEHC A ) OREFBERINET, BUE S LEEML BT, é%;siswﬁﬁﬁﬁ f»&i"%?}ﬁ% |
Em»m‘%«z_,iﬁ&,, EU—DIBUSEA, BICER T %iﬁé&ﬁﬁﬁmﬁ%{ﬁéw o = o S

s

®

ey

o
Ry

)

S,
Moad
g

i

s
!

s

{8 |1

{ﬁ‘%’}

2

;

‘@

@

BEAS-BEVELRIIIEERT

BEHHRETARRDS (EEERER SRR
BT« 2R TV 0T 2/ E T RO BEMOBSNIET Y AEHIHT B0
SR~ EERRIEA(L TS LIRS

- ;,; i""f‘*@fﬁ%}m o0~ 1700 {2 B RERGO
1LL fd # . SRS AT ORI BB LBYET, BEAUBITRUIE,

URL izti;a:iik&%a*ai;mi:a Jp/ [0 dyspepsia@keio-clinical.jp

288



687

LS N T8

BEZLTEERENEVOL. BICFREERD S RS
TERaEME S ‘

13




06¢

CAIRTERD B D15

FELLERTHS
RDTDLALED;

EIRDB D

9%&8&%%&
GJM@WD’*GD

HSSCIT ot

AN CAINBO TR T




EDLTieES (meeres 2T 7 OBEEE...-

WAL
iy Y 4 P | BEOHTEMOECIED (WOEEREE )
BEE T A ANT T | OF T ERONER

e TR BIE Y

o ERIFE Tl

ODB AR~ Y.
REEE->THICADEY

'wnﬁmﬁﬁu»»nuitﬂ»%

BT DL ST (SEhE) | : HBU e~ g%
BAYCERSESDEELEY +IEBOEDHLEY

162

FAARTYTIC
}3:%&:».

esmmam 0 [ emcrn ’os%mm
ST - . 58D



6T

HEERDREL T, BIOP S LWEBERUIRLLD

DEEETIED

R ENEE LG YA
WEROSHENI 58
WRIEOBX BB T HE
R
B OR (DENEERSMRLTNDLE)

H L CRIB OIS LT O

AR DL

< 59

BEROUE

TH3EL MEELL

PR EE A

CNDIRAZ/ B

BASEI
Bodh,
o FECMATRSE

BgaEe



€6¢

T ——— s RN PO
ﬁammm@mmww SIS - (XU e S
ﬁ%ﬂ%ﬁWﬁWW HEREATIS NS . S——] R
%mﬁ%m%&%@mﬂ@m@gg@}% I =

IR RS (AR TR TSN B kR







